Introduction:
Voltage-controlled oscillator (VCO) [1]- [2] is considered crucial component for wireless communication. In this paper, we present a circuit topology for prototyping a LC-tank VCO. The resonant-tunneling diode (RTD) which is constructed with three NMOSFETs, has been used as a negative resistance device to construct an LC tank single-ended VCO. Then, we combine two identical single-ended VCO's in a differential form, by coupling the output of one single-ended VCO to one input of another single-ended VCO. The coupling forms feedback for another negative resisance structure. t
Resonant-tunneling diode (RTD) Emulator:
The Negative-Differential-Resistance (NDR) device is constructed with resonant-tunneling diode (RTD). The RTDs are self-latching devices, and have been considered the most promising devices in the near future [3] . It is usually fabricated using molecular-beam epitaxy (MBE) as a nanoscale device. In this paper, a resonant-tunneling diode (RTD) emulator is realized with three NMOSFET devices as shown in Figure 1 , with the simulated I-V curve as shown in Fig. 2 . These characteristics assured the operation of a RTD emulator.
By sizing the MOS devices, a RTD emulator can be designed to fit parameter values as required. As the device number being few, the designed NDR module consumes small power, requires small chip area, is compact in size, and is low cost.
VCO Circuit:
The NDR module can be combined with an LC tank to form a single-ended VCO [4] . Two identical single-ended VCO's are then combined in a differential form, by coupling the output of one single-ended VCO to one input of another single-ended VCO. With the differential mode design, the noise immunity can be improved. Fig. 3 shows the schematic view of the designed VCO. Two NDR modules are used, the first one consists of transistors M1, M2 and M3, second one consists of transistors M4, M5 and M6. The LC tanks are formed using two inductors (L1、L2) and two tank capacitances (Cv). To be able to control the VCO frequency, a simple equation, i.e. equation (1), is used to determine the resonant frequency of the LC-tank. Where the C var refers to the sum of the tank capacitance and the parasitic capacitances; and the L e is the effective inductance of the inductor. The spiral inductors were simulated with ASITIC and ADS for its parameters. To improve the adjusting range, the tank capacitances are combinations of fixed NMOS capacitances and NMOS varactors which can be tuned by controlling the voltages Vctrl. A cross-coupled topology is used to obtain the differential outputs, it also generate one additional negative resistance as conventional cross-coupled VCO [1]. The circuit is as shown in Figure 3 . The VCO was fabricated using the 0.35 um CMOS technologies and the chip layout photograph of the VCO was shown in Fig. 4 . The circuit simulation was carried out by the simulation tool-Spectre RF. The total chip area is 0.73*0.73 mm 2 .
Results:
Fig . 5 shows the measured spectrum of the 2.1-GHz oscillating output-signal, with -7dBm power. Fig. 6 shows the measured tuning curves, the tuning range is 300MHz, when Vctrl varies from 0.1 to 1.3V. The measured phase noise of this VCO at 2.1GHz is shown in Fig. 7 . The power consumption is 8.2mW at 1.2V supply voltage Vb and 2V bias voltage V bias . The phase noise at 100 KHz offset frequency is -95 dBc/Hz; the phase noise at 1MHz offset frequency is -120 dBc/Hz.
Conclusion:
A new VCO topology has been proposed and verified. The circuit uses a double-feedback technique. The design of a low-voltage 2.1-GHz VCO with 14% frequency tuning range fabricated in the TSMC 2P4M 0.35-um CMOS technology has been demonstrated. The implemented VCO core consumes power of 8.2 mW at 1.2V supply voltage and V bias is 2V, the measured phase noise at 1MHz offset frequency is -120dBc/Hz. The present technique applies to a corresponding p-type NDR VCO to achieve a lower phase noise. 
